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EDMOS DEVICE HAVING A LATTICE TYPE DRIFT REGION 
AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

Field of t he Invention: 

The present invention relates generally to an EDMOS (extended drain 
MOS) having a lattice type drift region and a method of manufacturing the 
same. More particularly, the invention relates to an EDMOS having a lattice 
type drift region and a method of manufacturing the same in which a lattice of 
an n type impurity (hereinafter, called 6 n lattice') having a high concentration 
and a lattice of a p type impurity (hereinafter, called 'p lattice 5 ) having a low 
concentration form a drift region and a pn junction to have a high breakdown 
voltage and a low on resistance. 

Description of the Prior Art : 

Fig. 1 is a perspective view of a conventional nEDMOS device. 

Referring now to Fig. 1, a p well region 104 is formed in a given 
region of a p type silicon substrate 101. An n-drift region 107 as an extended 
drain region is then formed in a given region of the p well region 104. Field 
oxide films 109 and 109a are formed on a given region of the p type silicon 
substrate 101. An n+ source region 112 and a p+ source contact region 114 
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are adjacently formed on another given regions of the p well region 104. 
Thereafter, an n+ drain region 113 is formed in a given region of the n- drift 



region 107. A polysilicon gate electrode 111 in which the gate oxide film 
110 is intervened is formed on a given region of the p type silicon substrate 
101. At this time, the n- drift region 107 is extended from an edge of the 
polysilicon gate electrode 111 to the bottom of n+ drain region 113. Further, 
a source electrode 116 connected to the n+ source region 112 and the p+ 
source contact region 114, and a drain electrode 117 connected to the n+ drain 
region 113 are formed on an insulating layer 115. 

In the conventional nEDMOS constructed above, the n- drift region 
107 is composed of a single layer doped an n type impurity. The breakdown 
voltage and the on resistance of the device are determined by the concentration 
of an n type impurity, the depth and length of the drift region, and the like. In 
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other words, if the concentration of an n type impurity in the n- drift region 
107 is increased, the on resistance is lowered but the breakdown voltage of the 
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device is lowered: On the contrary, if the concentration of an n type impurity 
in the n- drift region 107 is reduced, the breakdown voltage of the device is 
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increased and the on resistance is also increased. 

As such, in order to increase the concentration of an impurity in the n 
drift region 107 of the conventional nEDMOS device, there are many limits in 
the structure and manufacturing process of the device. Therefore, it is 
difficult to realize a device simultaneously having a high breakdown voltage 
and a low on resistance. 
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SUMMARY OF THE INVENTION 

The present invention is contrived to solve the above problems and an 
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object of the present invention is to provide an EDM OS device and a method 
of manufacturing the same capable of simultaneously obtaining a high 
breakdown voltage and a low on resistance. 

Another object of the present invention is to provide an EDMOS 
device having a lattice type drift region and a method of manufacturing the 
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same capable of simultaneously obtaining a high breakdown voltage and a low 
on resistance, in such a way that an n lattice having a high concentration and a 
p lattice having a low concentration form a pn junction. 

The present invention can improve the breakdown voltage and the on 
resistance characteristics of the nEDMOS device by forming a drift region 
composed of an n lattice and p lattice. In the nEDMOS device proposed by 
the present invention, an impurity concentration of the n lattice is much higher 
than that of an n- drift region of the conventional device, and an impurity 
concentration of the p lattice is similar to that of the p well. Therefore, as the 
n lattice having a high concentration and the p lattice having a low 
concentration are adjacently and alternately formed to a pn junction, the 
depletion layer is rapidly extended by applying a drain voltage. Therefore, 
according to the present invention, the breakdown voltage of the nEDMOS 
device become higher and the on resistance of the nEDMOS device become 
lower than those of the conventional nEDMOS device due to a high impurity 
concentration of the n lattice. 

Further, the nEDMOS device having the drift region of a lattice 
structure according to the present invention has an advantage that it can be 
manufactured together with a conventional CMOS device. Therefore, an 



optimum of the process and device structure is necessary to easily form a 
depletion layer between a pn junction while increasing the concentration of the 
n lattice. The optimum is accomplished by controlling the impurity 
concentration, size and depth of the n lattice and the p lattice, and the distance 

between the n lattice and the p lattice. 
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In order to accomplish the above object, an EDMOS device having a 
lattice type drift region according to the present invention, is characterized in 
that it comprises a well region formed in a given region of a silicon substrate; a 
lattice type drift region formed in a given region of the well region and 
composed of a first lattice and a second lattice alternately arranged; a field 
oxide film formed on the silicon substrate and overlapped with a portion of the 
well region or a portion of the well region and the drift region; a drain region 
formed in a given region of the drift region; a diffusion region formed below 
the drain region; a source region and a source contact region formed in the 
well region; a gate electrode formed on the silicon substrate of the well region, 
wherein a gate insulating film is intervened between the gate electrode and the 
silicon substrate; a source electrode connected to the source region and the 
source contact region via a contact hole formed in an insulating film; and a 
drain electrode connected to the drain region via a contact hole formed in the 
insulating film. 

Further, a method of manufacturing an EDMOS device having a lattice 
type drift region is characterized in that it comprises the steps of forming a 
well region in a given region of a silicon substrate; alternately implanting first 
impurity ions in a given region of the well region to form a lattice type drift 
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region having a first lattice and a second lattice which are alternately arranged/ 
wherein the first lattice is implanted by the first impurity ions; forming a field 
oxide film on a given region of the silicon substrate; implanting second 
impurity ions in the well region to control a threshold voltage; forming a gate 
insulating film and a polysilicon film on the silicon substrate of the well region, 
and then patterning the polysilicon film to form a gate electrode; implanting 
third impurity ions in the well region and the drift region to form a source 
region and a drain region, respectively; implanting fourth impurity ions in the 
well region to form a source contact region connected to the source region; 
forming an insulating film on an entire structure, and then forming contact 
holes in the insulating film to expose. the source region, the drain region and 
the gate electrode; and forming metal wires connected to the source region, the 
drain region and the gate electrode via the contact holes, respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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The aforementioned aspects and other features of the present invention 
will be explained in the following description, taken in conjunction with the 
accompanying drawings, wherein: 

Fig. 1 is a perspective view of a conventional EDMOS device; 

Fig. 2 is a perspective view of an EDMOS device according to the 
present invention; 

Fig. 3a ~ Fig. 3c show several lattice structures of a drift region of the 
EDMOS device according to the present invention; 

Fig. 4a and Fig. 4b are drawings for describing processes by which a 



depletion layer is formed when a conventional nEDMOS device and an 
nEDMOS device of the present invention are driven; and 

Fig. 5a ~ Fig. 5h are cross-sectional views for describing a method of 
manufacturing an EDMOS device of the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will be described in detail by way of a preferred 
embodiment with reference to accompanying drawings, in which the reference 
numerals are used to identify the same or similar parts. 

Fig. 2 is a perspective view of an EDMOS device having a lattice type 
drift region according to the present invention. 

A well region 204 of a first conductive type is formed in a given region 
of a silicon substrate 201. A drift region 208 of a second conductive type 
having a lattice structure is formed in a given region of the well region 204. 
Field oxide films 209 and 209a are formed at given regions on the silicon 
substrate 201. At this time, the field oxide films 209 and 209a are formed to 
overlap with a portion of the well region 204 or a portion of the well region 
204 and the drift region 208. The drift region 208 includes an n lattice 208a 
and a p lattice 208b that is connected to the well region 204 and has the same 
concentration of the well region 204 having a low concentration. A drain 
region 213 is formed in a given region within the drift region 208. An n drift 
region 208c having the same concentration to the n lattice 208a is formed 
below the drain region 213. A source region 212 and a source contact region 
214 are formed in another given regions of the well region 204. , A 



polysilicon gate electrode 211 in which a gate insulating film 210 is intervened 
is formed at a given region on the well region 204. A source electrode 216 
connected to the source region 212 and the source contact region "214 and a 
drain electrode 217 connected to the drain region 213 are formed on an 
insulating film 215. 

Fig. 3a ~ Fig. 3c illustrate the lattice structures of a drift region taken 
along lines B-B' in Fig. 2. In drift region of an nEDMOS device according to 
the present invention, the n lattice 208a of a high concentration and the p 
lattice 208b of a relatively low concentration are sequentially repeated to form 
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a pn junction. 

Fig. 4a and Fig. 4b are drawings for describing processes by which a 
depletion layer is formed when a conventional nEDMOS device and an 
nEDMOS device of the present invention are driven. 

In case of the conventional nEDMOS device shown in Fig. 4a, a 

(depletion layer in an n- drift region 107 is generated to a drain region side 113 

(hereinafter, called drain side) by applying the drain voltage. At this time, 
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the depletion layer is formed in a portion of the n- drift region 107 as the 

impurity concentration in the n- drift region 107 is higher. As a result, the 

breakdown voltage is lowered due to a high electric field between the well and 

the drift region 107. 

On the contrary, in case of the nEDMOS device of the present 

invention in. Fig. 4b, a depletion layer is extended to both directions that is, 

lateral and transverse directions of the drain region 213 due to a pn junction of 

the n lattice and the p lattice by applying the drain voltage, the entire drift 



region is depleted, thereby. Therefore, the breakdown voltage of the 
nEDMOS device become higher due to a rapid depletion and the on resistance 
of the nEDMOS device become lower due to a high impurity concentration of 
the n lattice. 

Referring now to Fig. 2, Fig. 3a - Fig. 3c, and Fig. 4a and Fig. 4b, 
characters of the nEDMOS device having a lattice structure according to the 
present invention will be described below, 

In Fig. 2, in case of the nEDMOS device, the n lattice 208a in the drift 
region 208 and the p lattice 208b extended to the p well region 204 are 

i , 

alternately arranged in all directions while forming the pn junction together. 
The concentration of the n lattice 208a is higher than that of the p lattice 208b. 
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Therefore, when the drain voltage is applied, the p lattice 208b is rapidly 
depleted from adjacent n lattice 208a and the n lattice 208a is rapidly depleted 
from adjacent p lattice 208b, as shown in Fig. 4b. As a result, as the entire 
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drift region 208 is depleted, the breakdown voltage is increased. At the same 
time, as the gate voltage is applied, the on resistance is lowered due to the n 
lattice of a high impurity concentration. Further, n and p lattice structures 
presented in Fig. 3a ^ Fig. 3c are used in the nEDMOS device of the present 
invention since it increases the breakdown voltage and lowers the on resistance, 
as shown in Fig. 2. The basic principle by which the depletion layer is 
formed is same. 

Fig. 5a - Fig. 5h are cross-sectional views for describing a method of 
manufacturing the nEDMOS device having a lattice type drift region 
according to the present invention. 
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Referring now to Fig. 5a, an oxide film 202 having a thickness of 300 
400 A is grown on a p type silicon substrate 201. A nitride film 203 
having a thickness of 1000 ~~ 1200 A is then deposited on the oxide film 
202 by means of a low pressure chemical vapor deposition (LPCVD) method. 

Referring now to Fig. 5b, a photoresist film (not shown) is formed on 
the nitride film 203, and then defined by a photolithography process using a 
mask for a p well region. Next, the nitride film 203 exposed is etched, nitride 
films 203a and 203b remain at both edges of the p well region, thereby. 

Boron ions are implanted to the silicon substrate 201 at the dose of about 1.0 

• . - . ■ ■ * ■ ■ 

— 2. Ox 1013 cm -2 , the photoresist film is removed and an annealing process is 
then performed at the temperature of 1150°C under N2 atmosphere, thus 
forming the p well region 204. 

By reference to Fig. 5c, the nitride films 203a and 203b and the oxide 
film 202 are sequentially removed by a wet etch method. An oxide film 202a 
is grown in a thickness of 300 ~~ 400 A on the silicon substrate 201. A 
photoresist film is formed on the oxide film 202a. Photoresist patterns 205 
and 205a are formed on the oxide film 202a by a photolithography process 
using a mask for a drift region having a lattice structure. A drift region 208 
having an n lattice 208a is then formed by the injection of phosphorous (P) 
ions. At this time, the masks having the structures as shown in Fig. 3a ~ Fig. 
3c may be used to form the drift region 208 having the n lattice 208a. 

Referring now to Fig. 5d, the photoresist patterns 205 and 205a, and 
the oxide film 202a are removed. An oxide film 202b is grown on the silicon 
substrate 201 in a thickness of 300 ~~ 400 A. Next, a nitride film having a 



thickness of 1400 ~ 1600 A is deposited on the oxide film 202b. In order 
to define an active region in the device, the photoresist pattern (not shown) is 
formed on the nitride film to define an active region. 

■ 

Next, the nitride film exposed is etched by a dry etch process, thereby 
the nitride film 203c is remained on the active region. Thereafter, the 
photoresist pattern is removed, and then field oxide films 209 and 209a are 
grown in a thickness of 6000 ~~ 7000 A, thus a drift region 208 within the p 
well region 204 is formed. 

Referring now to Fig. 5 e, after the nitride film 203c is removed by a 
wet etching process, the oxide film 202b is removed. An oxide film (not 
shown) is then grown on the silicon substrate 201 in a thickness of about 200 
~~ 300 A. Boron (B) ions are implanted to the silicon substrate 201 to 
control the threshold voltage of the device. Next, after the oxide film (not 
shown) is removed, a gate oxide film 210 is grown on the silicon substrate 201. 

■ 

A polysilicon film is deposited on the gate oxide film 210, and then POCI3 
ions are doped in the polysilicon film. A polysilicon gate electrode 211 is 
formed by a photolithography process using a mask for gate electrode. 
Thereafter, an oxide film (not shown) having a thickness of 100 ~~ 200 A is 
grown on the entire structure. A photoresist pattern (not shown) is formed on 
the oxide film to define the source and drain regions. Then, arsenic (As) ions 
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are implanted to form a source region 212 and a drain region 213. The 
photoresist pattern is removed, and a boron (B) ion implantation process using 
a p+ mask is performed to form a p+ source contact region 214. 

Fig. 5f illustrates a three-dimensional drawing of Fig. 5e, in which the 
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n lattice 208a and the p lattice 208b are arranged within the drift region 208. 
The concentration of the n lattice 208a is relatively higher than that of the p 
lattice 208b. At this time, the p lattice 208b connected to the p well 204 has 
the same concentration with the p well 204. The p lattice 208b is 
automatically self-aligned in a process of forming the n lattice 208a without an 
additional mask. If it is desired to increase or control the concentration of the 
p lattice 208b, however, a mask for the p lattice may be selectively used. 
Further, an n drift region 208c having the same concentration with the n lattice . 
208a is formed below the n+ drain region 213. At this time, the mask used in 
a process for forming the n lattice is used. 

Referring now to Fig. 5g, an interlayer insulating film 215 in a 
thickness of about 6000 A is deposited on the polysilicon gate electrode 211 
at a low temperature. A TEOS oxide film having a thickness of about 
1500 A and a BPSG (boron phosphorus silicate glass) film having a thickness 
of about 4500 A are used as the interlayer insulating film 215. Next, an 
annealing process is performed at the temperature of 900 °C . 

A photoresist film (not shown) is formed on the interlayer insulating 
film 215, and then patterned by a photolithography process using a contact 
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mask. Exposed portions of the interlayer insulating film 215 are removed by 
a dry etching process. Thereby, contact holes through which the n+ source 
region 212, the n+ drain region 213 and the p+ source contact region 214 are 
exposed are formed. A metal layer is formed on the entire structure so that 
the contact hole can be buried. Thereafter, the metal layer is patterned by 
photolithography and etching process to form a source electrode 216, a drain 
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electrode 217 and a gate electrode (not shown) and an annealing process is 
then performed. Thus, as shown in Fig. 5h, a high voltage nEDMOS device 
having a drift region 208 in which the n lattice 208a and the p lattice 208b are 
alternately arranged can be obtained. 

As mentioned above, according to the present invention, as a p lattice 
of a low concentration and an n lattice of a high concentration adjacent to the p 
lattice form a pn junction, a high breakdown voltage and a low on resistance 
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y can be obtained at the same time. Therefore, the EDMOS device having a 
drift region of a lattice structure presented by the present invention can be 
widely applied to power IC devices such as middle and high voltage power 
devices. In particular, the present invention can be applied to the 
semiconductor power IC devices requiring high voltage, high speed and high 
performances, IC devices for controlling the power of the automobile and 
motor, IC devices for driving a display device and communication device, and 
the like. 

, The present invention has been described with reference to a particular 
embodiment in connection with a particular application. Those having 
ordinary skill in the art and access to the teachings of the present invention 
will recognize additional modifications and applications within the scope 
thereof. 

It is therefore intended by the appended claims to cover any and all 
such applications, modifications, and embodiments within the scope of the 
present invention. 
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